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A non-experimental study in 2005 suggested that immediate, automatic feedback on assignments
helped to increase study motivation as well as pass rate among engineering students attending an
introductory course in statistics at Oslo University College. In the follow-up study reported here we
used an experimental design assigning the participants randomly to one of two experimental
conditions: The ‘web-supported’ students received immediate, automatic feedback after having
entered their responses to the assignments electronically. The ‘paper-supported’ students received
written feedback on their paper-based submissions several days later. The findings contradicted the
results of the non-experimental study: no significant differences between the groups were found
with regard to final examination grades, study effort (with a certain qualification) and preferences
with regard to the method for submitting answers. Running tutoring costs, however, were much
lower for the web-supported than for the paper-supported students.Therefore, the present metho-
dologically improved study strengthens the evidence that such learning support may help reduce
running tutoring costs without significantly lowering final examination grades. Reinforcing this
conclusion, certain remaining weaknesses in the experimental procedure open the possibility that
the final examination grades of the paper-supported students have been inflated relative to those of
the web-supported students. Moreover, questionnaire data and informal observations obtained
during this experiment suggest that the tested web-based system of learning support can be
combined with more traditional ways of promoting learning that may help increase learning with
only a small increase in tutoring costs. These challenges with regard to the test methodology and the
design of the learning-support system need to be addressed in new experiments.
Keywords: web-supported learning; automatic feedback; immediate feedback; tutoring costs;
statistics
1. INTRODUCTION
E-LEARNING, IN GENERAL, and the use of
automatic feedback on student submissions, in
particular, may conceivably offer at least three
kinds of benefits to students and educational
institutions:
1) improved learning outcomes;
2) lower tutoring costs;
3) greater flexibility for the learner as well as for
the institution.
These three concerns are all addressed by a web-
based learning-support system termed FlexLearn,
which has been under development for four years
at Oslo University College, Faculty of Engineer-
ing. The system may be implemented in all subjects
in which students are required to solve problems
with numerical solutions. The operation of the
system is thus:
1) the system presents the individual student with
an assignment;
2) the student works out his or her numerical
solution and types it in the appropriate
response box;
3) the system then provides automatic and
immediate feedback to the student as to
whether the solution is correct or not.
If the solution is wrong, the student receives a
response-dependent hint as to possible sources of
the error or to possible remedies. The student now
has the chance to make another attempt at solving
the assigned problem. He or she may repeat the
attempt if necessary, and may go on to do so until
the answer is accepted as true or the student loses
faith and abandons further attempts. At this stage,
regardless of whether the assigned task was solved
successfully or not, the student has the option to
continue training on a new version of the same
general problem. The ‘same general’ problem is
here defined quite narrowly and numerically: the
wording of the tasks is identical in the two trials,
the only difference between them being that the* Accepted 25 November 2009.
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parameter values are dissimilar and that, if data
are presented, they too differ between the trials.
For example, the student is presented with a set
of measurement results from a certain normally
distributed variable and is asked to calculate the
expected value m of the variable based on this set of
data. If the submitted numerical answer to this
question lies within some distance of tolerance
from the correct exact value, the student receives
an affirmation that the answer is true. If the
student’s response is outside this region, he or
she will be advised to apply the estimator for the
expected value. He or she may then submit a
revised answer. This will immediately trigger a
new feedback message whose content depends on
whether the revised answer is within the distance of
tolerance from the correct value. The procedure
may be repeated as long as the student needs or
wishes.
Now, if the student chooses to download a new
version of the ‘same’ general task, he or she will be
faced with an identical task formulation except
that the set of measurement results will be differ-
ent, and the normally distributed variable which
has generated these data has an expected value and
a standard deviation which differ from those
identifying the normally distributed variable in
the first version of the problem. Note that in
order to encourage the further gain in skill perfec-
tion that may result from repeated practice, the
student is free to continue to practice on the ‘same’
general kind of problem even if his or her
submitted solution is correct.
Clearly, in cases such as the above example, we
have no information for confidently predicting or
reliably controlling what the student will actually
learn as a result of feedback and repeated
attempts. The distinction between ‘understanding’
and ‘memorizing’ is relevant here, as is the notion
of ‘transfer’ of knowledge and skills to new
contexts. These new contexts may differ from the
context of learning to a greater or lesser extent,
and successful transfer may involve various opera-
tions of thinking, abstraction and meta-cognition
[1]. Thus, if the student in fact had chosen the right
estimator but made a miscalculation due to care-
lessness or lack of calculation skills, the learning
benefit may be one of increased attention and care
during calculation and the development of more
dependable calculation skills.
If, on the other hand, the student’s error relates
to his or her use of a wrong procedure, an
inappropriate formula, or a lack of understanding
of the statistical concepts of ‘expected value’,
‘estimator’, etc., the feedback may prompt the
student to search for information explaining the
content and use of these procedures, formulas or
concepts in the course textbook. In the latter case,
the resulting learning may be said to have a higher
level of ‘cognitive’ content than in the former case,
where learning of attentional control and calcula-
tion skills may be said to be of a more ‘beha-
vioural’ or ‘procedural’ kind. Both kinds of
learning are necessary and can be promoted by
systems of learning support.
In the present example, the feedback message
exhorts the student to apply a specific estimator
and, therefore, seems to be more likely to address
‘procedural’ than understanding-based learning
deficits. If the feedback message instead of point-
ing to a specific mathematical tool had referred the
student to the relevant statistical problem area
along with a reference to a chapter in the textbook,
it might have done more to encourage reading and
reasoning and thus help the student find, under-
stand and apply the correct procedure in the
situation.
In general, FlexLearn gives the teacher a lot of
freedom to design tasks and feedback messages
posing challenges at different levels of cognitive
complexity. An important limitation, however, is
that the system as designed and envisaged so far
does not permit problem formulations whose solu-
tions are symbolic expressions and not numbers.
This limitation notwithstanding, the student trying
to solve a problem will typically need to apply his/
her understanding of the problem, reason logically
and select and manipulate symbolic expressions to
be able to arrive at a numerical answer. Thus,
cognitive processes will be engaged, and cognitive
faculties and skills of various kinds will be exer-
cised and developed depending on the require-
ments of the task. Informal observations of
students actively engaged in problem solving with
FlexLearn lend some support to this. Since the
students all downloaded different versions of a
given problem (distinguished by random differ-
ences in parameter values and data), copying the
solution worked out by a fellow student was not a
viable method. Instead, the students often engaged
in discussions of reasons for failure and the right
way to proceed. Such social exchanges on problem
solving may not necessarily undermine individual
learning but may, on the contrary, stimulate rele-
vant cognitive processes.
In the reported experiment the system required
the student to solve all parts of the compulsory
assignments correctly in order to fulfil the course
requirement. If the student was unable to do so,
despite the chance to make an unlimited number of
attempts at each part of the assignment, he or she
was required to contact the course tutor for help.
Such consultations normally took about ten
minutes. In this way, tutoring was driven by the
need the student felt for learning assistance. In the
experiment only five students among more than
200 availed themselves of such tutor assistance,
thus adding little to the total costs of tutoring.
The FlexLearn method contrasts with the tradi-
tional paper-based method whereby students
receive their assignments on paper, hand in their
paper-based solutions and get their solutions back
from the teaching assistant after several days, with
brief indications of the correctness of the numer-
ical solutions. The ‘paper’ students were not given
the chance to have another try at the same prob-
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lem. Still, these students were faced with the same
course requirement as the FlexLearn students in
terms of the number of assignments they needed to
solve correctly. Also, the assignments were iden-
tical for the two groups, with one reservation,
namely that for any given problem, the parameter
values were the same for all ‘paper’ students,
whereas they differed in a random manner
among the FlexLearn students. For both groups
of students, apart from the need to meet the course
requirement, the students’ submissions did not
influence the final examination grade.
There are five distinctive properties of Flex-
Learn—and any similar system of automatic
assessment—that appear to put it at an advantage
relative to the paper-based method:
1) Immediate feedback to the student. This is
expected to increase the student’s motivation
to work on problem solving compared to the
situation when feedback is delayed for a lengthy
period of time. Further, immediate feedback
makes it easier for the student to cognitively
associate the procedure he or she has used with
the correctness of the result and, thus, to learn
the method if it works and revise it if it does not.
Adding to these advantages, experience shows
that the ‘paper’ students in many cases did not
receive feedback at all, since they neglected to
visit the tutor’s office and pick up the returned
submissions with the tutor’s comments.
2) The chance to have another try at a given
problem whenever one wants to. Thus, no
limit has thus far been set on the number of
trials. This vastly expands the set of training
opportunities offered the student and, there-
fore, is expected to increase learning-promoting
behaviour. Simultaneously, it greatly increases
the number of chances to obtain feedback on
attempted solutions, including hints that may
stimulate thinking about the problem and facil-
itate search for information that is relevant to
solving it.
3) Flexibility for student and tutor with regard to
the where and when of studying and tutoring.
Answers to problems may be submitted and
feedback given everywhere and at any time
provided the student has access to the Internet.
4) All students receive different versions of a given
problem (since parameter values are assigned
randomly to each student whenever she or he
makes a try at this problem). This makes
cheating less likely, since copying of the solu-
tions worked out by others will fail. Accord-
ingly, the student is expected to be under
greater pressure to solve the problem him or
herself. The ‘paper’ students all receive the same
version of the problem, so copying will be a
more profitable shortcut.
5) Reduced tutor costs. Once the system, including
the assignments and their solution algorithms,
has been developed, the application of the system
as an ‘automatic tutor’ requires much less tutor
time than the running of a paper-based system
requiring the tutor or the hired teaching assis-
tants to check each assignment handed in by the
students ‘manually’. Since hundreds of students
may be enrolled in a course, and the course may
be repeated year after year, the potential cost
savings are considerable.
In sum, factors 1–4 are all hypothesized to stimu-
late the FlexLearn students to spend more time on
problem solving, or spend this time more effi-
ciently, than the paper-supported students. Such
an increase in the amount and efficiency of prob-
lem solving behaviour is suggested to go along
with an increase in the quantity and quality of the
thinking involved in the behaviour and, as a
consequence, in learning, which in turn will help
the students obtain better final examination
grades. This two-step hypothesis about the effect
of student time use does not presuppose an
assumption that an increase in the time devoted
to problem solving, or in the efficiency of problem
solving behaviour, automatically translates into
strengthened learning and improved final exami-
nation grades. Such a desirable result will be the
outcome of a complex mediating cognitive and
behavioural process that involves the details of
what the student does, thinks and feels, and how
he or she interacts with the web-based learning aid
and with other people, such as fellow students and
the tutor. We hypothesize, then, that properties 1–
4 of FlexLearn engage this complex mediating
process in a beneficial way, so that the end result
of the process in terms of final examination grades
is at least as good as for the paper-based students.
Property 5 of FlexLearn entails the hypothesis
that tutoring time (i.e. the time spent by faculty
and by hired teaching assistants) will be less for the
FlexLearn students than for the paper-supported
students. Depending on the magnitude of this
difference, the reduction in tutoring costs is poten-
tially an important advantage of FlexLearn
provided that the final examination grades are
not worse than for the paper students.
We are aware that there is a growing wealth of
web-based automatic assessment systems devel-
oped by commercial firms or academic institu-
tions. However, information about their
existence, properties, areas of application and
effects are often not readily or freely available.
What information there is typically focuses on the
tool and rarely provides published research-based
evidence on the usefulness of the tool in teaching
and learning. Apart from this, the impact of these
technological learning aids on student learning,
motivation, work habits and tutoring costs in
any concrete application will depend on the way
the tool is configured and applied by the course
tutor within the total learning environment of the
course. FlexLearn makes no claim to being unique
or better as a technological learning aid than other
web-based automatic assessment systems. Our
approach has instead been guided by the belief in
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the long-term advantage of sustaining a continu-
ous process of research-based documentation and
gradual improvement of the total learning-support
system, i.e. the tool in combination with the way it
is used by the student and by the tutor. It seems to
us that such a systematic and persistent research-
based development of tools and methods ought to
play a larger role in engineering education.
As a background to this, an initial, comparative
but non-experimental, pilot study of some effects
of FlexLearn was carried out by two of the present
authors in the spring semester of 2005. The parti-
cipants were students attending an introductory
course in statistics. About half of them were
required to use FlexLearn, whereas the compar-
ison group enjoyed the traditional paper-based
support. The study was based on midterm ques-
tionnaire data and data on final examination
grades. The questionnaire data were reported in
[2] and the data on final examination grades in [3].
The major findings were that FlexLearn had
promoted student study motivation and study
behaviour and helped to increase the pass rate in
statistics.
To reduce the sources of error inherent in this
non-experimental study, a controlled, randomized
experimental study was carried out with the
students attending the corresponding introductory
course in statistics in the spring semester of 2006.
This improved study compared the ‘web-based’
students who used the learning-aid FlexLearn
with the traditional students who received their
assignments on paper. The findings were reviewed
in [4]. The present paper discusses the main results
of this study more thoroughly, adding some non-
experimental observations that suggest possible
explanations of the data. Taken together, these
findings and explanations point to specific changes
in the way we support student learning and to new
experiments that test if these changes actually
promote learning.
2. PREVIOUS RESEARCH RELEVANT TO
ASSESSING THE MAJOR FUNCTIONAL
PROPERTIES OF FLEXLEARN
2.1 Immediate vs. delayed feedback
Theory and research suggest that immediate
feedback at least under some conditions causes
stronger training motivation and better training
behaviour, provided that the feedback is regarded
as helpful by the student and thus may serve as a
reward. Research shows that the typical tendency
is that the longer the delay of the reward the less
attractive it is to the actor. As a consequence, the
actor will be less likely to choose the action leading
to this reward and more likely to opt for a given
alternative course of action. More specifically,
most evidence suggests that the subjective value
assigned to the reward is discounted hyperbolically
with time, e.g. [5, 6]. Also, most applied studies
using classroom quizzes and verbal learning mate-
rials have found immediate feedback to be more
effective than delayed feedback, e.g. [7–9]. Some
studies, however, report more nuanced conclu-
sions, relating the impact of delay to the material
to be learned and to the test method, e.g. [10, 11].
In general, all these studies refer to retention and
reproduction of verbal information or to multiple-
choice tests and not to the acquisition and applica-
tion of skills at solving problems in statistics and
mathematics. The question of the optimal timing
of various kinds of feedback on various kinds of
training tasks in statistics and mathematics
remains an open one.
2.2 Need for self-determination and competence
Based on evidence of a wide range of behaviours,
a fairly large body of literature supports the idea
that people have a basic psychological need for
autonomy and for competence. This supposedly
innate, universal requirement makes people seek
and respond favourably to conditions that provide
for self-determination and offer the chance to
demonstrate or acquire competence. FlexLearn
gives the student freedom to choose where and
when to train in problem solving and provides
immediate feedback on the success or failure of
each attempted solution, thus offering the student
almost unrestricted access to conditions where per-
sonal choice can be exercised and increased compe-
tence and mastery be experienced. In contrast,
paper-based learning support gives the student
much less freedom and also greatly reduces and
delays the feedback. Thus, two sources of training
motivation will be weaker for paper students, a fact
that is expected to lead to a reduction in training
behaviour, i.e. to less time devoted to problem
solving and/or to fewer attempts to solve problems.
Self-Determination Theory and concepts such as
autonomy, self-efficacy, mastery motivation and
intrinsic motivation are among the constructs that
are used to describe this kind of motivation and its
consequences for behaviour, cf. [12, 13].
2.3 Studies of automatic assessment and automatic
tutoring
There are many learning platforms today that
offer automatic assessment and automatic feed-
back. Whereas they may share some functional
properties, they tend to differ in a variety of details
regarding, for example, scope and purpose,
making summary comparison between systems
difficult. For the same reason, it is also largely
meaningless to compare the systems with regard to
usefulness. Further, given the actual and potential
importance of such tools, there is surprisingly little
actual research on their usefulness, and few studies
are experimental. We shall briefly comment on
some reports on systems of learning support in
mathematics.
FlexLearn shares some properties with the AIM
tutoring system for mathematics, cf. Sangwin [14].
For example, the operation of both systems rests
on the prior identification of:
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1) a set of typical errors that students make when
they solve a given problem;
2) a feedback message tailored to each of these
typical errors.
When a student submits his or her solution to the
problem, and if the solution is wrong, the system
automatically identifies the typical error that best
describes the submitted solution and immediately
transmits the appropriate feedback to the student.
When no typical error fits the student’s incorrect
solution, FlexLearn provides a more generally
worded feedback message to the student.
There is, however, a major difference between
the two systems with regard to strategy of learning
support. The ambition of the AIM system is to
promote student learning of advanced mathe-
matics by assessing and offering cognitive feed-
back on the details of the student’s manipulation
of symbolic expressions, as, for example, when he
or she evaluates an integral or a differential.
In contrast, FlexLearn embodies a different
philosophy of learning support: It merely assesses
the student’s numerical response to an assignment
as true or false in addition to providing a brief hint
on likely sources of error and where the student
may find helpful information. In this way, Flex-
Learn attempts to stimulate problem solving moti-
vation and problem solving behaviour, as well as
to promote self-reliance. To the extent that it
succeeds in this, it may help to strengthen student
understanding indirectly and not directly by
providing feedback on the various logical steps in
the problem solving process.
Moreover, as mentioned earlier, FlexLearn is
being developed as an integral part of a more
comprehensive learning-support system that
includes non-electronic activities by students as
well as tutors. The aim is to develop an inclusive
learning environment whose various parts are
adapted to each other in order to promote an
optimally functioning overall system. The greater
mathematical complexity of the feedback makes
AIM a much more demanding and expensive
system to develop and operate than FlexLearn.
Costs are an important concern in many if not
most institutions of engineering education, quite
apart from the learning outcomes.
A very different approach from that represented
by AIM, but also mathematically quite sophisti-
cated, has been taken by Gwo-Jen Hwang and
collaborators. They have developed a web-based
system, ITED II, for testing and diagnosing
student learning problems in mathematics based
on historical assessment records [15].
Quite different from the automatic tutoring
programs mentioned so far are two dissimilar
programs developed and tested by Harskamp
and Suhre [16]. Each of these programs embodies
one of two distinct pedagogical approaches to
learning support in mathematics, namely an
‘instructional’ approach and a ‘constructivist’
approach. Both programs rely on the use of certain
mathematical tools and a system of hints that are
supplied to the students either in response to
student demand or in a pre-programmed way.
Whereas the electronic learning support systems
mentioned above, each in its own distinctive way,
provide a relatively narrow spectrum of support to
the students in terms of the kinds of materials they
offer the students, the nature of the exercises the
students are invited to do and the kind of feedback
that the students may obtain from the system when
they respond, a different class of online instruc-
tional materials in statistics represent a much more
comprehensive approach to learning support. For
example, Larreamendy-Joerns and his colleagues
[17] reviewed and compared six online statistics
courses by extending the evaluative framework
applied by George W. Cobb to assess statistics
textbooks [18]. One of the many sets of criteria
used by Larreamendy-Joerns and his colleagues
describes properties of the electronic feedback that
the students may obtain in response to their
activities during the course. A crucial weakness
relative to FlexLearn is that, for all the six courses,
feedback is restricted to supplying correct answers
to open-ended knowledge questions (for the
students to compare with their own answers) and
to the automatic grading of multiple-choice items.
Another important limitation is that feedback is
not automatic; the student needs to click an icon in
order to get it.
3. EXPERIMENTAL TESTING OF
FLEXLEARN AT OSLO UNIVERSITY
COLLEGE, SPRING 2006
The students were given access to six assign-
ments, one at a time at predetermined intervals.
That is, each time a new theme was presented in a
lecture, an assignment involving theme-relevant
knowledge and skills was released. The assignment
came in three alternative versions corresponding to
three levels of difficulty. The levels were denoted E,
C and A respectively, in line with the now common
international grading scale, according to which E is
the poorest passing grade and A is the best grade.
The students were told to choose the version they
preferred to solve. It turned out that there was no
significant difference between the FlexLearn group
and ‘paper’ group with regard to choice, and this
variable therefore was not pursued any further in
the present study.
The students were free to submit their solutions
whenever they wanted to in a response period of 14
days. At the end of this response period access to
the assignment was closed. This assignment sche-
dule was intended to promote a focused and even
level of activity over the semester. For half of the
students, the assignments, the solutions submitted
by the students, the feedbacks to the students, as
well as individual and statistical information on
the activities and results of the students were all
administered by means of the computer-based
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learning platform Fronter, which is a generally
available commercial product. Each assignment
was individualized in the sense that the values of
the parameters of the problem to be solved were
determined randomly for each student. The other
half of the students received the same assignments
printed on paper in the traditional way, but the
parameter values were the same for all students.
4. METHOD
A total of 246 students were registered as partici-
pants in the statistics course at the start of the
semester.Theywere assigned into twoapproximately
equally large experimental groups using a simple
procedure which for practical purposes can be
regarded as random. The official alphabetically
ordered list of students was used. Students 1, 3, 5
etc. were assigned to one group, whereas the remain-
ingones (i.e. students. 2, 4, 6 etc.)were assigned to the
other group.Oneof these twogroupsusedFlexLearn
for receiving and doing assignments and receiving
feedback on solutions. The other group relied on the
traditional paper procedure described earlier. For
both groups five sets of data were collected:
. Two sets of questionnaire-based data relating to
the learning process, gathered at respectively
midterm and immediately after the written
final examination;
. Data on the grades obtained in the written final
examination;
. Informal tutor observations on the way the
students responded to the group assignment
and to the conditions of study support;
. Rough tutor estimates of tutoring costs for
students in the FlexLearn group and for stu-
dents in the traditional paper-supported group.
5. RESULTS
We obtained five sets of results from the study.
These show, with appropriate nuances and reserva-
tions, that neither the FlexLearn group nor the
paper group scored significantly better than the
other one with regard to final examination grades.
However, the FlexLearn group may have spent
somewhat less time on problem solving in the
course. Notably, both groups expressed a prefer-
ence for the learning support system they themselves
had practiced in the course. Most striking, though,
is the large reduction in running tutor time costs for
the FlexLearn group relative to the paper students.
These results are presented in due order as follows.
First, to be able to assess these results, we note
the somewhat flawed working of the randomiza-
tion procedure and the variable but mostly low
rates of response to the two questionnaires.
5.1 Effectiveness of randomization procedure
Under the conditions in this field experiment,
three uncontrolled sources of error have to some
extent distorted the group composition established
by the original quasi-random assignment of
students to the two groups. Two of these sources
reflect student self-selection whereas one repre-
sents a conscious choice by the course tutor.
First, a relatively small number of students
joined the paper group after the initial establish-
ment of the groups. Some of these students had
originally been assigned to the FlexLearn group
but nevertheless handed in the assignments in
paper format. Thus, they effectively changed
their group membership on their own accord.
Since the paper students got less feedback on
their assignments than the FlexLearn group—and
with a much longer delay—the students who
switched to the paper group had nothing to gain
in terms of feedback. Most of the students who
joined the paper group late, though, had registered
too late to take part in the original formation of
the groups. For practical reasons, in order to avoid
the extra burden of having to explain the Flex-
Learn procedure to half of the latecomers indivi-
dually as they turned up, the course tutor decided
to include them all in the paper group. Being late
for course registration might conceivably be posi-
tively (or negatively) correlated with poor work
habits, work motivation or talent, but we have no
data relevant to assessing these variables.
Second, some of the registered members of the
paper group also availed themselves of the Flex-
Learn support system by allying themselves with
registered members of the FlexLearn group and
using their passwords in order to gain access to the
system. Accordingly, this subset of the paper group
benefited from both learning-support systems and
may, therefore, have obtained better final exam-
ination grades than would have been the case if
they had abided by the original group composi-
tion. If so, the final examination grades of the
paper group as a whole have been distorted in a
positive direction, implying that the grades on
average would have been lower if all group
members had complied with the group composi-
tion rules.
Taken together, these deviations from random-
ness in group composition may favour either
group when it comes to final examination grades,
and the different impacts may also run in opposite
directions and, therefore, cancel each other out.
We have so far no reliable data on the size of these
deviations from randomness. Overall, this group
composition procedure is better than non-experi-
mental procedures that do not attempt to rando-
mize, but the procedure still leaves uncertainty
regarding its lack of bias.
Future studies may try to reduce the three
distortions as follows:
. Assign latecomers to the course to one of the
two experimental groups in a random manner.
. Refuse to accept submissions on paper from stu-
dents originally assigned to the FlexLearn group.
. For the FlexLearn group, reduce the number of
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permitted submissions of response to a given
problem from the unlimited number today to,
for example, three. Thus, the group members
would have only two chances to correct a mis-
take. Presumably, this would make them reluc-
tant to allow paper students illegitimately to
spend these chances by letting the paper students
use their passwords to access FlexLearn.
5.2 Group sizes and response rates.
Table 1 gives the student response rates for the
two questionnaires as well as the size of the groups
at the start and the end of the course.
We note the variable but mostly relatively low
rates of response to questionnaire 1 for both
groups and to questionnaire 2 for the FlexLearn
group. This dictates caution in interpreting the
data relating to the learning process, such as, for
example, number of hours worked and preference.
We now proceed to the substantive results.
6. STUDENTS USING FLEXLEARN AND
STUDENTS RELYING ON PAPER
SUBMISSION OF SOLUTIONS DID NOT
SCORE DIFFERENTLY IN TERMS OF
FINAL EXAMINATION GRADES
The distribution of the final examination grades
is summarized in Table 2.
Based on a 5% level of significance, Table 2
shows that there is no significant difference
between the grades obtained by the students
using FlexLearn and the grades obtained by the
students using paper.
6.1 Discussion
This result contrasts with the result obtained in
the 2005 non-experimental pilot study, which
suggested that the FlexLearn students obtained
better grades than the paper students. Given the
expected advantages of FlexLearn relative to the
paper method (cf. the Introduction), this is a
surprising finding that calls for an explanation.
6.2 Unintended disturbing effects of the
experimental procedures
Flaws in the randomization procedure were
discussed above. In addition, there is a certain
part of the participants’ knowledge whose impact
for present purposes may be non-intended. Since
this non-intended part of student knowledge was
not be measured in the reported experiment, and
since its impact on the difference between the
FlexLearn group and the paper group cannot be
regarded as random, the knowledge is a source of
error of unknown magnitude. The participants
knew they were taking part in an experiment;
they had been informed of the nature of the two
groups, and they needed to be aware of the group
to which they belonged in order to fulfil their role
as group members. It is conceivable that this
knowledge made the students behave differently
from what they would have done if they had
submitted their solutions to the assignments with-
out knowing that that they were taking part in an
experiment and that another group used a different
method of submission. For example, the experi-
mental attention and the associated activities,
discussions among the students, etc., may have
made the students work more or in a better way,
so that the final examination grades were better
than they would otherwise have been. This is a
complex set of cognitive and social factors—collec-
tively termed a ‘Hawthorne effect’—that possibly
would have affected the FlexLearn group and the
paper group about equally or, perhaps, have
exerted a stronger effect on the ‘privileged’ group
Table 1. The student population at the start of the course and the response rate at three points of data collection
Time
Group
START
%
(N)
Q1
%
(n1)
Q2
%
(n2)
Q1 & Q2
%
(n1 & 2)
EXAM
%
(n3)
FlexLearn 100
(106)
50.0
(53)
64.2
(68)
43.4
(46)
91.5
(97)
Paper 100
(130)
45.4
(59)
75.4
(98)
36.2
(47)
100.0
(130)
START = The population at the beginning of the course (percent and number).
Q1 = The response rate at midterm (Questionnaire 1).
Q2 = The response rate immediately after the written final examination (Questionnaire 2).
Q1 & Q2 = The students that responded to both questionnaires.
EXAM = The students that took part in the written final examination.
Table 2. The distribution of grades among students using
FlexLearn and students using paper for submitting
assignments
Grade
FlexLearn
%
(n)
Paper
%
(n)
p-value for
difference
between groups
A+B 22.7
(22)
24.6
(32)
0.37
C 19.6
(19)
20.8
(27)
0.41
D+E 28.9
(28)
33.1
(43)
0.25
F 28.9
(28)
21.5
(28)
0.11
Sum 100
(97)
100
(130)
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receiving the novel treatment, i.e. the FlexLearn
group [19, 20].
It will be difficult to eliminate and even to
measure Hawthorne effects or similar effects in a
field setting, but interviews with the participants
during or after the experiment may conceivably
shed some light on attitudes and behaviour that
reflect these kinds of effects.
6.3 Unexpected detrimental effects of the present
version of FlexLearn
Several possibilities may be imagined. First, in
its present version, FlexLearn does not require the
student to submit the chain of reasoning and
calculations leading to a numerical result, but
asks only for the result itself. Similarly, automatic
feedback focuses on this result and ignores the
underlying procedure. Together with the chance
to repeat the submission an unrestricted number of
times, these work conditions may tempt students
to engage in a relatively mindless process of trial
and error with insufficient attention to the logical
steps yielding the numerical conclusion. Moreover,
when the immediate automatic feedback confirms
that the result is correct, this ‘success’ may concei-
vably cause the student to overestimate his or her
skills and prematurely stop further learning efforts
within the relevant area of competence.
So far we have no data that directly describe the
kind and amount of mental work that students
engage in before they submit the solutions and, in
particular, if FlexLearn students differ from paper
students in this regard. Interviews with students
during or after the experiment may possibly offer
useful indications.
Indirectly, questionnaire data on the amount of
time the students devoted to problem solving
provide a hint that the FlexLearn students may
indeed have been somewhat neglectful of the
learning process relative to the paper students,
(Tables 3 and 4)
6.4 FlexLearn students may have spent less time
on problem solving than paper students
Both questionnaires asked the student to report
the average number of hours per week he or she
had spent on problem solving in addition to the
scheduled contact hours. In the midterm question-
naire this average referred to the course period so
far, whereas in the post-examination questionnaire
the average number of hours per week referred
only to the last month immediately preceding the
written final examination. The distribution of
responses at midterm and after the final examina-
tion is shown in Table 3 and Table 4 respectively.
Table 3 shows that the FlexLearn students at
midterm reported having spent significantly less
time on problem solving than the paper students.
Table 4 suggests a tendency in the same direction
in the last month of study, but this difference is not
significant given a required significance level of
0.05. Together, the two tables confirm the familiar
surge in work effort for both groups before the
final examination.
6.5 Discussion
The tendency for FlexLearn students to spend
less time on problem solving than the paper
students is the opposite of the tendency we
expected, given the vastly expanded set of oppor-
tunities for learning offered by FlexLearn. The
result could be a methodological artifact caused
by the somewhat flawed randomization procedure
discussed earlier. However, the pattern may also be
due to a tendency for FlexLearn (in its current
version) to shortcut the learning process by offer-
ing the student an escape route from the necessary
logical thinking activities.
6.6 Implications for teaching and research
Regardless of the explanation of the observed
pattern, tutor impressions of student work habits
indicate that the learning outcomes stimulated by
FlexLearn can be improved by inexpensive modi-
fications compelling the students to work more
regularly and perform activities that may
strengthen learning. At least three such measures
readily present themselves:
. The FlexLearn students may be obliged to
submit answers to more assignments than the
six demanded in the reported experiment.
Actually, an increase to nine assignments was tried
out in some groups of students in 2007, and the
impact on student work habits, as recorded infor-
mally by the tutor, was positive. There is, however,
a need to try this out experimentally, and measure
the impact of an increase from, for example, six to
nine assignments more rigorously.
. In order to increase the need for the students to
think and understand before they submit the
answers to an assignment, we may require the
students to supplement their web-submissions of
answers by handing in paper-based documenta-
Table 3. Average number of hours per week spent on
problem solving during the semester (reported at midterm)
Until midterm FlexLearn Paper
p-value for
difference between
the groups
Hours per week 1.75 2.25 0.05
SE 0.20 0.23
Table 4. Average number of hours per week spent on
problem solving in the last month of study (reported
immediately after the final written examination)
The last month
of study FlexLearn Paper
p-value for
difference between
the groups
Hours per week 3.04 3.39 0.13
SE 0.23 0.20
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tion of the reasoning and the calculations under-
lying these answers.
The downside to this is the additional costs that
are incurred. Students as well as tutors will have to
spend more time. This is an important considera-
tion for all institutions with a tight budget for
teaching. For the tutor, the acts of collecting
documentation, assessing it and returning it to
the students with comments all take time. With a
large class of, say, 100 or more students the
required extra tutor time may easily add up to
many days if not weeks during the course. We must
take into consideration, though, that the tutor
need not read the documentation. In general, the
extra tutoring costs will depend on whether the
tutor chooses to inspect none, some, or all of this
documentation. At one extreme, the tutor merely
collects the documentation in order to dispose of it
or leave it unread in a storeroom. In this case, the
added costs for the tutor and the institution are
virtually negligible (at least in the course of one
semester). The question is, however, how student
work on the documentation they submit will be
affected if or when they get to know that the result
of their labour will not be assessed.
The demand that the students submit paper-
based documentation needs to be backed up by
knowledge about how the students respond to this
obligation.
Future experiments should therefore address
five research questions:
1) Do students required to hand in paper-based
documentation of the answers submitted elec-
tronically go about assignments in a way that
produces better learning than students who are
not obliged to do so?
2) Does the obligation to document the solution
procedures lead to better learning even if the
students receive no individual feedback on their
submission of documentation (possibly apart
from a confirmation that the submission has
been received or accepted)?
3) Do different kinds and amounts of feedback on
student submissions of documentation differ
with regard to how much they promote student
learning?
4) Do the learning benefits of having to submit
documentation depend on additional require-
ments that the documentation conform to cer-
tain norms as to what constitutes an acceptable
chain of reasoning in favour of the submitted
answer to the assignment?
5) To what extent, if any, will student learning be
adversely affected if the students are told or
suspect that parts or all of the submitted doc-
umentation will not necessarily be read by the
tutor but that there is a certain risk that it will
be controlled? How does any negative impact
depend on the magnitude of this risk and the
consequences to the student if the quality of the
documentation fails to pass the test?
. To further increase the need for students to
understand the reasoning leading to an answer
to a problem, the course tutor may impose a
limit on the maximum number of web submis-
sions of answers to any given assignment.
This will restrict the student’s chances to hit the
correct answer by guesswork and, hence, make
thinking and understanding a more profitable
way of dealing with an assignment. For example,
whereas there is currently no upper limit on the
number of web submissions of answers, this limit
might be set to three.
Such a limit should not be imposed arbitrarily,
however, but ought to be a reasonable choice in
view of research-based knowledge about how such
limits affect student work habits and learning.
Future experiments should therefore address the
following question: how do student approaches to
solving problems in statistics, and resultant student
learning, depend on the number of chances they
have to try out suggested answers electronically
beforemaking their final submission of the answers?
6.7 Most students in both the FlexLearn groups
and the paper group expressed preference for the
learning-support system practiced by their own
group
Immediately after the written examination, both
FlexLearn students and paper students were asked
to indicate which way of submitting assignments
they would choose if given the chance. The results
are summarized in Table 5.
Table 5 shows that there is no significant differ-
ence in preferences between the FlexLearn students
and the paper students in the following sense: a
large majority in both groups prefer to submit the
assignment in the same way as they have practiced
in the course, if given the choice. At the same time,
a substantial minority in both groups would have
chosen to use the submission method used by the
other group.
6.8 Discussion
This pattern runs counter to the expected moti-
vating properties of FlexLearn noted in the Intro-
duction. A flawed randomization procedure could
have contributed to this. There may, however, also
be aspects of some students’ experiences of work-
ing with FlexLearn that weaken their desire to
work with it and thus counteract any experienced
Table 5. Preferred method for submitting assignments
Method used
Method preferred
FlexLearn
%
(n)
Paper
%
(n)
p-value for
difference between
groups
FlexLearn 66.2
(45)
38.8
38 0.26
Paper 33.8
(23)
61.2
(60)
Sum 100
(68)
100
(98)
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advantages. For example, it could be that these
students are aware of their own inclination to
engage in superficial trial-and-error behaviour
instead of the kind of learning behaviour that
promotes understanding. Such awareness may
conceivably lead the students to prefer a submis-
sion method that does not offer the same possibi-
lities for self-delusion and escape from actual
learning work. So far, we have no data about this.
There is also a possibility that some students
find the use of FlexLearn difficult or aversive for
other reasons. Involving a more complex technol-
ogy than pen and paper, it requires some explana-
tion and training in the beginning. Although
students in general seem to manage well, we
cannot exclude the possibility that a measure of
lasting resentment develops in some students. We
lack information on such emotional reactions.
In future studies, data on student reactions to
the pedagogical and technical aspects of FlexLearn
should be collected by means of questionnaires
and/or interviews.
7. FLEXLEARN MAY HELP REDUCE THE
RUNNING COSTS OF TUTORING
CONSIDERABLY, BUT TOTAL SAVINGS TO
THE INSTITUTION DEPEND ON POLICY
AND TIME HORIZON
The total costs of FlexLearn to the university
include investment expenditures of various kinds,
maintenance costs and running expenses, also of
various kinds. The investment costs include the
costs of developing the web-based system for
providing the students with individualized assign-
ments, for student submission of numerical
answers to the assignments and for tutor provision
of immediate, automatic feedback on these
submissions. The investment costs also include
the working out of a library of assignments
within the various areas of introductory statistics.
The maintenance costs comprise, among other
things, updating of hardware and software and
tutor competence in response to normal technolo-
gical developments. The running expenses include
tutor costs relating to applying the system in any
given semester. Table 6 shows an estimate of the
latter costs in terms of tutor time, permitting a
comparison between the running tutor expenses
for the FlexLearn system of learning support and
the traditional paper system.
7.1 Discussion
These tutor time cost estimates are ‘pilot esti-
mates’ calculated on the basis of the time spent by
the main course tutor on an arbitrarily selected
small number (10) of assignments submitted by the
FlexLearn students and the paper students. The
time costs are likely to vary considerably from
person to person and to depend on a host of
other factors such as, for example, fatigue and
boredom, which may increase with the number of
assignments already handled. Also, these tutor
costs do not include the time spent by the main
course tutor for hiring, training and following up
the tutor assistants needed to assess the submis-
sions of the paper students.
Despite such serious methodological deficien-
cies, the difference in running tutor costs between
the FlexLearn method and the paper method
revealed by the present pilot estimate is so large
that the potential savings to be obtained by means
of FlexLearn should be explored further.
In the long run, with large numbers of students,
with subjects and courses that are repeated from
year to year, and when FlexLearn is used as a
learning support in more than one subject, the
running tutor costs are likely to be an increasingly
dominant part of the total costs of the course and
lead to increasing savings (in monetary units as
well as a percentage of the costs of traditional
paper-based learning support). This follows from
the fact that the investment expenditures are rela-
tively large in the beginning and tend to be much
smaller later, when hardware, software, a library of
assignments, etc. are available for repeated use.
Hence, if the institution adopts a policy of promot-
ing the use of FlexLearn as a learning-support tool
in as many subjects as possible, considerable cost
reductions should be possible.
Note also that the web-based FlexLearn system
for presenting the students with individualized
assignments, letting the students enter numerical
answers, and for providing automatic feedback is a
general one that may be applied to all subjects.
Accordingly, when FlexLearn is adopted as a
learning aid in a new subject, there is no need to
develop the system from scratch. The major invest-
ment will be to adapt it to the specific requirements
of the subject and the course by, among other
things, developing a library of assignments and a
set of response-contingent feedback messages for
each assignment.
Further, maintenance expenses related to updat-
Table 6. Estimated running tutor time costs for FlexLearn support and traditional paper support
Method used
Tutor time costs
FlexLearn Paper FlexLearn costs
in percent of
Paper costs
Per assignment / 1 student 25 seconds 5 minutes  8 %
Per assignment / 200 students 1 hour 23 minutes 20 seconds 16 hours 40 minutes
For a course with
9 assignments and 200 students
12 hours 30 minutes
 1.5 workdays
150 hours
 4 work weeks
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ing of software, upgrading of computers etc. will
typically be moderate or zero and, moreover,
should not be booked as FlexLearn costs exclu-
sively but be distributed fairly among all those
courses or activities that benefit from these compu-
ters and this software.
We have so far not estimated the investment
expenditures and the maintenance costs since the
initial conception of FlexLearn, nor have we made
any estimate of the future investment and main-
tenance expenses that will accrue if one wants to
adopt FlexLearn as a learning aid in a new course.
8. ACTIVITIES RELATING TO THE
DEVELOPMENT AND TESTING OF
FLEXLEARN HAVE HELPED TO INCREASE
THE FACULTY’S INTEREST IN, AND
ENGAGEMENT WITH, THE CHALLENGES
OF TEACHING IN ENGINEERING
EDUCATION
The Faculty of Engineering, Oslo University
College, is under strong budget pressure to
reduce student dropout and teaching costs while
maintaining or improving academic standards. At
the same time, the science, methods, and skills of
‘soft’ fields like teaching and learning have tradi-
tionally enjoyed little interest and even respect as
an area of research-based competence, methods
and tools. To raise questions regarding the beha-
viour of teachers, their methods and their beliefs
about teaching and learning have largely been
anathema.
Importantly, our efforts to develop and test an
automatic device such as FlexLearn have forced us
to specify concretely and precisely how we will
support student learning behaviour and what the
students need to do in order to benefit from this
support. To make each of these detailed practical
decisions we have had to explain why we think this
way of supporting the students will help them learn
in a better way than conceivable alternative ways
of doing things, including the alternative of doing
things in the traditional paper-based way. Further,
we have had to strengthen our ‘theoretical’ peda-
gogical arguments by testing FlexLearn with our
own students in order to see if it actually works in
accordance with our pedagogical ideas. It is our
impression that all the thinking, discussions,
research activities, data, meetings, reports etc.
that have taken place in this connection have
helped to increase awareness in the faculty of the
pedagogical challenges that confront engineering
education. Crucially, by enforcing a more engin-
eering-like approach to planning and execution in
teaching, the application of modern technological
tools such as computers and the internet to learn-
ing has made for rapport with staff members with
a mindset shaped by their lives in engineering or
the sciences.
In turn, this growing understanding has helped
to increase resources for faculty projects aimed at
improving teaching and learning in engineering
education. A network of faculty members colla-
borating on such projects has formed and now
makes up a recognized faculty pool of resources
for initiatives, activities and exchange of ideas
within this area. As an outgrowth of this, com-
munication and project cooperation are expanding
to include people outside the faculty who have
interests and expertise in teaching and learning.
9. CONCLUSIONS
9.1 Almost no significant differences between
groups
No significant differences were found between
the students supported by FlexLearn and the
students enjoying traditional paper-based support.
This is true for the final examination grades
obtained by the students and for their preferences
with regard to the method for submitting answers.
There was also no significant difference between
the two groups with regard to study effort in the
last month before the final examination, whereas
the FlexLearn students at midterm reported some-
what less time spent on problem solving than the
paper students.
9.2 Unsuccessful randomization may have
favoured paper-supported students
Informal tutor observations suggest that some
paper-supported students secretly resisted their
group assignment by illicitly availing themselves
of FlexLearn support in addition to the support
allotted to the paper-supported students. This
illegitimate and unrecognized advantage of some
paper-supported students may have helped to
boost their final examination grades above their
‘true’ paper-supported levels. Hence, the actual
benefits of FlexLearn support relative to paper
support in the reported experiment may conceiva-
bly include improved learning outcomes in addi-
tion to the reduction of tutoring costs. This
methodological concern need to be addressed in
new experiments.
9.3 Lower tutoring costs for the web-supported
students
Running tutoring costs were much lower for the
web-supported than for the paper-supported
students. In consequence, for the institution,
roughly equivalent learning outcomes (as
measured by the final examination grades)
combined with lower tutoring costs favours the
FlexLearn method of learning support.
9.4 Possibilities for improvements of the web-
based system of learning support
Also, informal observations of student work
habits indicate that the learning outcomes stimu-
lated by FlexLearn can be improved by inexpen-
sive modifications compelling the students to work
more regularly and perform activities that may
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strengthen learning. For example, the students
may be obliged to submit electronically answers
to more problems than demanded in the reported
experiment. Further, in order to increase the
pressure on the students to think and understand
before they submit the answers, we may require
them to supplement their web submissions of
answers by handing in paper-based documentation
of the reasoning and the calculations underlying
these answers. The extra tutoring costs incurred by
this depend on whether the tutor chooses to inspect
none, some, or all of this documentation. The
efficacy of such modifications of the learning-
support system needs to be tested experimentally.
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